mechanism driving this remodelling is unclear, but elevated arterial blood pressure [5] , hyperinsulinaemia [6] and fat/lipid infiltration [7] have all been causally implicated.
In addition to LV remodelling, many studies report impaired cardiac function in obese patients, including both diastolic and systolic dysfunction. Diastolic dysfunction, characterised by elevated atrial filling pressure and prolonged active relaxation, is presumably due to increased ventricular stiffness, and several studies have shown direct associations between diastolic dysfunction and BMI. Furthermore, recent evidence has demonstrated that diastolic dysfunction persists and worsens with a long-term (25 year) burden of obesity in adulthood [8] .
With regard to systolic (i.e. contractile) function, many studies have shown that ejection fraction, the primary clinical marker of systolic function, is normal in the setting of obesity. However, advancements in non-invasive medical imaging make it possible to detect more subtle systolic dysfunction, which can occur despite normal ejection fraction. This subtle dysfunction includes impairments in myocardial strain, strain rate, torsion and synchrony of contraction (Fig. 1) . Strain is a measure of the length change (shortening or lengthening) of the heart tissue along a particular axis (e.g. circumferential or longitudinal), while strain rate is the time rate of change in strain during contraction and relaxation. Torsion-commonly described with the analogy of wringing a wet towel-measures the spatial gradient of circumferential twist along the ventricular longitudinal axis. Synchrony quantifies the temporal uniformity of ventricular motion/contraction. These measures are collectively termed 'cardiac mechanics' and there is growing evidence of obesity-associated alterations in cardiac mechanics [5] , with impaired longitudinal strain being the most consistent finding. Furthermore, data suggest that cardiac mechanics are better predictors of mortality than global measures such as ejection fraction [9] . Thus, impaired cardiac mechanics in patients with obesity may represent an early predictor of premature cardiovascular mortality.
Alarmingly, many of these pathological findings from obese adults have also been identified in obese children. Increased LV mass has been reported in obese children as young as 2 years of age [10] , and studies in obese children and adolescents have reported both systolic and diastolic dysfunction [11] [12] [13] . The long-term implications of these findings in children remain unknown, although recent data from Franks et al showed that children in the highest BMI quartile had more than double the risk of premature death compared with children in the lowest BMI quartile [14] . These data offer compelling evidence that paediatric obesity is significantly detrimental to long-term health.
Insights from animal models
Many animal models, primarily rodents, have been studied with the intent of elucidating the mechanisms underlying obesity-associated cardiac remodelling and dysfunction. These models have generally been found to recapitulate common findings from human obesity, such as LV hypertrophy, systolic dysfunction [7, [15] [16] [17] and restricted coronary flow reserve [18] . Collectively, we have gained valuable insights from these studies, such as the mechanistic relationship between insulin resistance and cardiac remodelling/dysfunction [6, 15, 19 ]. Yet, in many ways, animal models have also demonstrated how profoundly complex the problem of obesity is, such as the finding that maternal obesity can lead to LV hypertrophy in offspring, independent of the weight or diet of the offspring [20] .
In the current issue of Diabetologia, Broussard et al add to this collective experience with animal models of obesity and contribute interesting new insights [21] . Using a canine model of moderate obesity induced by lard-based high-fat feeding, the authors observed LV systolic dysfunction (i.e. impaired circumferential strain and torsion) via MRI, which manifested early (2-6 weeks) after diet initiation. Insulin resistance was also acutely elevated, consistent with their previous experience with this model. In fact, the authors demonstrated a moderate association between the acute insulin response and cardiac dysfunction, providing further evidence of their interrelationship. Finally, both insulin resistance and cardiac dysfunction were dependent on the source of dietary fat within the high-fat diet, as animals fed a salmon oil-based diet (i.e. polyunsaturated fatty acids) had normal cardiac function and insulin resistance despite similar weight gain between the two high-fat (lard vs salmon oil) groups.
The findings of this study are intriguing for several reasons. First, the authors had a sound experimental design that included concurrent measurements of arterial blood pressure and cardiac function via MRI. Elevated blood pressure is a frequent comorbidity of obesity that may confound assessment of cardiac function since strain, torsion, and ejection fraction are all load-sensitive measurements. Demonstrating impaired LV strain and torsion in the absence of elevated arterial blood pressures confirms that obesity-related cardiac dysfunction may occur independently of hypertension. Similarly, no cardiac structural remodelling (increased myocardial Tagged MRI Deformation/strain Standard MRI Fig. 1 Normal heart contraction visualised with 'standard' and 'tagged' MRI. MR tagging uses spatial modulation of the magnetic field to superimpose a grid pattern on the signal produced by the tissue at a given instant in time (usually enddiastole). The deformation of the heart muscle deforms the grid, so observing the deformation of the grid elements-or tags-provides a direct measurement of myocardial motion. This quantitative deformation data can be used to compute cardiac mechanics, such as radial or circumferential strain and torsion/ twist mass/chamber volume or myocardial steatosis) was observed in the lard group, indicating that cardiac dysfunction is not strictly a consequence of remodelling. These findings are somewhat limited by the fact that no measures of longitudinal strain were performed, and impaired longitudinal strain is the most consistent systolic function abnormality demonstrated in human obesity. Thus, the independence of impaired longitudinal strain from hypertension and LV remodelling can only be assumed.
Another intriguing implication of the study by Broussard et al is to what extent obesity contributed to the observed impairments in cardiac function. The acuteness of the responses (2 weeks) coupled with the fact that the dependence on the dietary fat source was greater than that on the very moderate amount of body weight gained suggests that 'obesity' in this model is just another confounding variable. Instead, perhaps direct diet-induced effects such as inflammation and/or insulin resistance [19, 22] may be the primary driving forces behind the pathogenesis of abnormal cardiac mechanics, at least at such an acute stage. Additional research is obviously needed to evaluate such a hypothesis.
Reconciling human and animal disease
It is instinctive, and easy, given the direct compatibility of MRI measurements between animals and humans, to directly extrapolate from studies such as that of Broussard et al [21] and others [16, 17] to human disease, but such an exercise is fraught with challenges. For example, while reduced cardiac mechanics in animals are generally consistent with findings in human studies, the details of reduced circumferential strain and torsion are subject to debate, as some human studies have found no change [12] or even increases [13] in those specific measures. The significance of these discrepancies cannot be determined based on current knowledge. In addition, it is difficult to predict the extent to which the processes governing an acute response to a high-fat diet in animals are similar to and representative of the processes governing a chronic response to obesity in humans. In fact, mice fed a high-fat diet may have an acute increase in myocardial strain and torsion after 4-10 weeks [16] , suggesting that there may in fact be inter-species differences in these responses. Furthermore, while cardiac dysfunction can occur independently of cardiac remodelling or arterial hypertension, it cannot be stated that cardiac dysfunction in humans is in fact free of such interactions, because these factors are often present and will affect function. Hence, such detailed answers to disease pathogenesis must ultimately come from human studies.
Rather than attempting such direct comparisons, a more synergistic interpretation may be helpful. Two theories clearly extend from the work by Broussard et al [21] in concert with other recent human and animal investigations: (1) using appropriately sensitive measurement techniques, such as motion-sensitive MRI, cardiac mechanics of the LV are impaired in the setting of obesity; and (2) insulin resistance is a critical element-at least as one of several potentially causative or intermediary factors-in the linkage between obesity and heart disease. The immediate knowledge gaps that extend from these theories are then fairly straightforward: (1) what is the long-term prognostic significance of reduced cardiac mechanics in obese patients; and (2) can therapeutically targeting insulin signalling pathways positively impact the adverse effects of obesity on the heart? These are the questions that must be tackled as we continue to struggle with the impact of the obesity epidemic.
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